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CONCURRENT ARBITRATION SYSTEM AND 
METHOD FOR BUS CONTROL 

This application is a continuation of prior application 
Ser. No. 07/566,791 ?led Aug. 13, 1990, now aban 
doned, which was a continuation of prior application 
Ser. No. 07/259,559 filed Oct. 18, 1988, now aban 
doned. 

BACKGROUND OF THE INVENTION 

This invention relates in general to arbitration sys 
tems and methods for an asynchronous bus computer 
system, and more particularly, to an arbitration system 
and method wherein control remains with the most 
recent previous user and under certain conditions ac 
cess to the memory is allowed by the most recent previ 
ous requester while an arbitration cycle is occurring 
which will switch control to another requester. As a 
result of this overlap of the actual memory access cycle 
and a pending arbitration cycle the overall arbitration 
cycle, and therefore overall memory access time, is 
shorter. 
There are currently available arbitration systems and 

methods for asynchronous bus computer systems. How 
ever, in these systems the access to a system resource 
such as a memory is ordinarily completed by a given 
requester before a subsequent arbitration cycle is begun. 
As a result the overall access time is relatively slow and 
becomes a signi?cant factor at the higher clock speeds 
of recent computer systems. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide an arbitration system and method which results 
in a shorter overall resource access time. 
Another object of the present invention is to provide 

a concurrent arbitration system and method for bus 
control comprising a memory access timing chain and a 
separate arbitration timing chain wherein under certain 
conditions a resource access cycle for one requester 
may take place during the arbitration cycle for another 
requester, thereby reducing the overall resource access 
time. 
The foregoing and other objects are achieved in the 

present invention wherein there is provided a concur 
rent arbitration system comprising a VME ‘address de 
code element, a VSB address decode element and a 
refresh element each having an output. The VME ad 
dress decode element, VSB address decode element and 
refresh elements are coupled to a memory access logic 
and timing chain, an arbitration timing chain, and a 
sampling and disable circuit. VME cycle start and VSB 
cycle start signals are coupled to the sampling and dis 
able circuit while delayed VME cycle start and VSB 
cycle start signals are coupled to the memory access 
logic and timing chain, arbitration timing chain and the 
sampling and disable circuit. The sampling and disable 
circuit has VME request and VSB request outputs cou~ 
pled to an arbitration logic circuit, as well as a disable 
output coupled to the memory access logic and timing 
chain. The refresh element is also coupled to the arbitra 
tion logic circuit. The memory access logic and timing 
chain is coupled to the arbitration timing chain and has 
an output for coupling to a memory. The arbitration 
logic circuit receives arbitration clock signals from the 
arbitration timing chain and has VME enable, VSB 
enable and refresh enable outputs coupled to the sam 
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2 
pling and disable circuit and the memory access logic 
and tinting chain. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above-mentioned and other features of the inven 
tion and the manner of attaining them will become more 
apparent and the invention itself will be best understood 
by reference to the following description of an embodi 
ment of the invention taken in conjunction with the 
accompanying drawings wherein: 
FIG. 1 is a general block diagram of a typical prior 

art arbitration system for an asynchronous bus com 
puter system; 

FIG. 2 is a block diagram of a particular embodiment 
of the present invention; 

FIG. 3A is a timing diagram illustrating a typical 
arbitration only cycle followed by a VME cycle and a 
VSB cycle; 

FIG. 3B is a timing diagram illustrating a late VSB 
cycle followed by a VME cycle and a refresh cycle; and 

FIG. 3C is a timing diagram used to illustrate the 
function of the sampling and disable circuit when a 
VME request is followed closely by a VSB request. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIG. 1 illustrates in block diagram form a typical 
prior art arbitration system wherein VME address de 
code element 10, VSB address decode element 20 and 
refresh element 30, having VME request, VSB request 
and refresh request outputs respectively, are coupled to 
arbitration logic and timing element 40. Arbitration 
logic and timing element 40 has VME select, VSB se 
lect and refresh select outputs which are coupled to 
memory access control element 50. Memory access 
control element 50 has an output coupled to a system 
resource, in this case a memory, and also has a feedback 
output coupled back to arbitration logic and timing 
element 40. The VME request, VSB request and refresh 
request inputs to arbitration logic and timing element 40 
represent asynchronous requests for access to the mem 
ory. Any one or all of these requests may be present as 
inputs to the arbitration logic and timing element at any 
given time. The selection of the actual request to be 
passed through as a select signal is accomplished by 
arbitration logic and timing element 40 in accordance 
with a predetermined priority. In the speci?c example 
shown the refresh request would ordinarily have the 
highest priority followed by VSB request and VME 
request in that order. Once the arbitration logic and 
timing element has accomplished an arbitration deci 
sion, the result is passed to memory access control ele 
ment 50 as a select signal which enables the selected 
requester to gain access to the memory. Once this actual 
access to the memory has been granted for a given 
cycle, memory access control element 50 provides a 
feedback control signal to arbitration logic and timing 
element 40 which prevents any further arbitration or 
access grant until the memory access cycle is complete 
for the requester having control. Therefore, the next 
arbitration decision and memory access cycle will not 
begin until the current memory access cycle is com 
plete. This will be true regardless of which requester is 
selected on the next cycle, including the requester 
which was most recently in control. It can be seen then 
that the total cycle time from a given access request to 
the completion of the actual memory access cycle will 
be a ?xed period of time and will be the same regardless 
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of the relative timing or order in which the requests are 
received by arbitration logic and timing element 40. 
FIG. 2 is a block-diagram of a concurrent arbitration 

system for bus control in accordance with the present 
invention. VME address decode element 10, VSB ad 
dress decode element 20 and refresh element 30 inde 
pendently generate signals attempting to gain access to 
a system resource, in this case a memory. VME address 
decode element 10 is coupled to memory access logic 
and timing chain 60, arbitration timing chain 70 and 
sampling and disable circuit 80. The output of VSB 
address decode element 20 is also coupled to memory 
access logic and timing chain 60, arbitration timing 
chain 70 and sampling and disable circuit 80, while the 
output of refresh element 30 is coupled to memory 
access logic and timing chain 60, arbitration timing 
chain 70, arbitration logic circuit 90 and sampling and 
disable circuit 80. Memory access logic and timing 
chain 60 is coupled to arbitration timing chain 70 and 
has an output for coupling to a memory. Arbitration 
timing chain 70 is coupled to memory access logic and 
timing chain 60 and has an output coupled to arbitration 
logic circuit 90. Sampling and disable circuit 80 has 
VME request and VSB request outputs coupled to arbi 
tration logic circuit 90 and a disable output coupled to 
memory access logic and timing chain 60. Arbitration 
logic circuit 90 has VME enable, VSB enable and re 
fresh enable signals coupled to memory access logic and 
timing chain 60 and to sampling and disable circuit 80. 
Sampling and disable circuit 80 receives VME cycle 
start and VSB cycle start signals both directly and 
through delays 44 and 46. Delayed VME cycle start 
and delayed VSB cycle start signals are also received by 
memory access logic and timing chain 60 and arbitra 
tion timing chain 70. 

In operation one or more of the VME address de 
code, VSB address decode and refresh elements may be 
generating a signal requesting access to the memory. 
Actual memory access is controlled by memory access 
logic and timing chain element 60, the output of which 
controls direct access to the memory. As with previous 
systems there must be an arbitration decision made 
between competing requests for access to the memory. 
This arbitration decision takes place in arbitration logic 
circuit 90 where the priority in this particular case 
would be a refresh request, VSB request or VME re 
quest in that order. Arbitration logic circuit 90 makes 
the arbitration decision when directed to by arbitration 
clock signals from arbitration timing chain 70. 
As shown in FIG. 2, VME address decode and VSB 

address decode elements 10 and 20 serve to decode 
respective VME and VSB addresses sent to the com 
puter system. The VME and VSB cycle start signals are 
received at the same time that VME and VSB address 
signals are received by VME and VSB address decode 
elements 10 and 20 respectively. These cycle start sig 
nals serve to indicate that a request has been received, 
but not yet decoded, from either the VME or VSB bus. 
Delay elements 44 and 46 are used to delay the VME 
and VSB start signals respectively. These delayed cycle 
start signals are used to qualify the respective decoded 
VME select and VSB select output signals from the 
VME and VSB address decode elements. That is, a 
valid request signal is output from sampling and disable 
circuit 80 only after a VME or VSB select signal and its 
corresponding delayed cycle start signal have been 
received. The delay period should be set to slightly 
longer than the decode time in order to allow a given 
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4 
select signal to be decoded prior to generation of the 
corresponding delayed cycle start signal. In practice the 
VME cycle start and VSB cycle start signals may be 
any of several signals, such as a data or strobe signal, 
which occurs at the same time that a corresponding 
address signal is sent to either of the VME address 
decode or VSB address decode elements. 

Refresh element 30 is an internal means used to gener 
ate a periodic refresh signal which is used to refresh the 
dynamic memory which is the computer resource being 
accessed in this particular example. Arbitration timing 
chain element 70 is used to control the timing of the 
arbitration cycle and provides appropriate timing sig 
nals to arbitration logic circuit 90. This arbitration tim 
ing chain element starts an arbitration cycle any time 
that there is present a valid refresh request from element 
30; or a valid VME select signal from element 10 and its 
corresponding delayed cycle start signal from element 
44; or a valid VSB select signal from element 20 and its 
corresponding delayed cycle start signal from element 
46. A subsequent arbitration cycle will not start until the 
previous cycle has been completed. Any particular 
arbitration cycle is completed based on the inputs exist 
ing at the start of the cycle. 

Arbitration logic circuit 90 makes the actual arbitra 
tion decision in response to arbitration clock signals 
from arbitration timing chain 70 and the request inputs 
to arbitration logic circuit 90 at the beginning of a given 
arbitration cycle. The actual priority for the competing 
requests is determined by arbitration logic circuit 90 and 
for this example the highest priority would be a refresh 
request followed by a VSB request and a VME request 
in that order. A mutually exclusive enable signal; either 
VME enable, VSB enable or refresh enable; is output 
from arbitration logic circuit 90 at all times. This enable 
signal will correspond to the highest priority request 
input to arbitration logic circuit 90 at the start of an 
arbitration cycle. If there is no pending request, the 
enable signal will revert to that of the most recent previ 
ous requester other than refresh. 

Sampling and disable circuit 80 is used to generate 
VME request, VSB request and disable signals. A VME 
request signal, as indicated earlier, is generated when 
there is present a valid VME select signal and a corre 
sponding delayed VME cycle start signal. In a similar 
fashion a VSB request signal is generated when there is 
present a valid VSB select signal and a corresponding 
delayed VSB cycle start signal. Separate VME disable 
and VSB disable signals, represented by the disable 
output from sampling and disable circuit 80 to memory 
access logic and timing chain 60, are generated under 
the following conditions. A VME disable signal is gen 
erated to indicate that, at the time a VME cycle start 
signal is received, an arbitration cycle is in progress 
which will result in switching memory access to a re 
quester other than VME. The function of this signal and 
the VSB disable signal will become more apparent in 
connection with memory access logic and timing chain 
60 and later timing diagram discussions which illustrate 
speci?c timing sequences. The actual VME disable 
signal is generated when, at the time of receipt of a 
VME cycle start signal, there is present a VSB request 
signal and VSB is not enabled or a refresh request signal 
is present and refresh is not enabled. In a similar manner 
a VSB disable signal is generated when, at the time of 
receipt of a VSB cycle start signal, there is present a 
VME request signal and VME is not enabled or a re 
fresh request signal is present and refresh is not enabled. 
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The function of memory access logic and timing 
element 60 is to control actual access to the memory by 
the competing requesters. Memory access will be 
granted under the following conditions: 
Access to VME if: 
VME select and 
Delayed VME cycle start and 
VME enable and 
not VME disable and 
previous cycle complete 

Access to VSB if: 
VSB select and 
Delayed VSB cycle start and 
VSB enable and 
not VSB disable and 
previous cycle complete 

Access to refresh if: 
refresh request and 
refresh enable and 
previous cycle complete 
Memory access, in accordance with the above rules, 

will occur under certain conditions without requiring a 
previous arbitration cycle and under certain conditions 
while an arbitration cycle is in progress which will 
switch memory access to another requester. 
FIGS. 3A, 3B and 3C illustrate the system response 

to various combinations of request signals and the resul 
tant granting of memory access. The labels of the vari 
ous traces represent the various system signals present, 
where a signal label followed by an asterisk (‘) repre 
sents an inverted signal which is low (0) for the true 
state. For example, traces $2 and 56 represent the cycle 
start signals; 54 and 58 represent the delayed cycle start 
outputs of elements 44 and 46; 12 and 22 are the VME 
and VSB request outputs from sampling and disable 
circuit 80; 32 is the refresh request output of element 30; 
92, 94 and 96 are the VME, VSB and refresh enable 
outputs of arbitration logic circuit 90; 72 represents 
various arbitration clock signals being passed from arbi 
tration timing chain 70 to arbitration logic circuit 90; 62 
represents the output of memory access logic and tim 
ing chain 60 which controls access to the memory; and 
82 and 84 represent the VME and VSB disable signals 
from sampling and disable circuit 80 to memory acccess 
logic and timing chain 60. 

In FIG. 3A, prior to time t0 there is no cycle in 
progress and no current requester as indicated by all 
three request signals being low (VME request‘ and 
VSB request‘ high and refresh request low). VSB was 
apparently the most recent previous user as indicated by 
VSB enable true on trace 94. At time t0 a VME cycle 
start signal indicates that a VME cycle may be starting 
which will generate a VME select output. At time t] 
delayed VME cycle start goes true indicating that there 
is a valid VME request, which is also shown on trace 
12. At this time VME enable is not true so only an 
arbitration cycle, as shown on trace 72, will start in 
accordance with the previously mentioned creteria, i.e. 
VME select and VME delayed cycle start. As shown 
on trace 62, there is no immediate memory access as the 
conditions required are not satis?ed. Approximately 
three fourths of the way through the arbitration cycle 
(t1 to t2) arbitration logic circuit 90 grants priority to 
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the arbitration cycle. This is shown by VME enable 
going true (VME enable‘ going low) just prior to time 
t2. 

6 
At time 12 a VME memory access cycle starts as a 

result of the required conditions being met, i.e. VME 
select and delayed VME cycle start and VME enable 
and not VME disable and previous cycle complete. The 
actual memory access is shown by the memory access 
signal on trace 62. During this memory access cycle by 
VME (t2 to t3) a simultaneous arbitration cycle is taking 
place which will switch control to VSB. As noted on 
traces 56 and 58 a VSB cycle start signal was received 
and the corresponding delayed VSB cycle start was 
generated during the previous arbitration cycle (U to 
t2). At time t2 the conditions for an arbitration cycle are 
satisfied and control will be switched to VSB for the 
next cycle as indicated by VSB enable going true on 
trace 94 about three fourths of the way through the 
VME cycle (t2 to t3). At time t3 conditions are met for 
the VSB cycle, i.e. VSB select and delayed VSB cycle 
start and VSB enable and not VSB disable and previous 
cycle complete. Again memory access is shown on 
trace 62. At time t4 there is no pending request and the 
system remains idle awaiting the next request. Since 
VSB was the most recent previous user VSB enable 
remains true (V SB enable‘ low) and immediate mem 
ory access would be granted in response to a VSB re 
quest. If a VME request were received an arbitration 
only cycle, such as that starting at t1 would take place. 
FIG. 33 illustrates a VME request and VSB request 

received in rapid succession followed by a refresh re 
quest. At time t0 a VME cycle start signal is received as 
indicated on trace 52. At time t1, before a delayed VME 
cycle start signal is generated, a VSB cycle start is re 
ceived as shown on trace 54. At time t2 an arbitration 
cycle is started as the conditions are met, i.e. VME 
select and delayed VME cycle start. This is indicated by 
the arbitration signal on trace 72. A memory access 
cycle for VSB is not started at time t2 because the con 
ditions are not met, i.e. delayed VSB cycle start is not 
true (delayed VSB cycle start‘ high). At time t3 mem 
ory access is granted to VSB as the conditions are met, 
i.e. VSB select and delayed VSB cycle start and VSB 
enable and not VSB disable and previous cycle com 
plete. This is true even though an arbitration cycle has 
already started which will switch control to VME. 
Under these conditions a signal is sent from memory 
access logic and timing chain 60 to arbitration timing 
chain 70 which extends the arbitration cycle to end at 
the same time as the memory access cycle. This is illus 
trated by the relative length of the arbitration and mem 
ory access cycles on traces 72 and 62. As is shown, the 
?rst half of the arbitration cycle is extended so that both 
the arbitration and memory access cycles end simulta 
neously at time t4. The arbitration cycle which began at 
time t2 still takes place and control is switched to VME 
at time t4. 

Prior to the start of the VME cycle a refresh request 
is received as indicated on trace 32 just prior to time t4. 
This causes an arbitration cycle to be run simulta 
neously with the VME cycle. Control is switched to 
refresh at time t5 since both the refresh request and 
refresh enable signals are true and the previous cycle is 
complete. At the completion of the refresh cycle (t6) 
there are no pending requests and enable has been re 
turned to VME since it was the most recent previous 
user. 

FIG. 3C illustrates a case where the disable signal is 
used to prevent a late VSB cycle because it occurs too 
late. Starting conditions are the same as for FIG. 3B, 
VSB is enabled (from a previous cycle) and a VME 
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cycle start is received at time t0. At time t! the delayed 
VME cycle start signal goes true and starts an arbitra 
tion cycle which will switch control to VME at the 
start of the next cycle. The value of the VSB disable 
signal is determined at the time of receipt of the VSB 
cycle start signal. Since in this case one of the condi 
tions for generating the disable signal (VME delayed 
cycle start) is in transition it is not known what the 
outcome of the disable signal decision will be. This is 
illustrated by the indeterminate VSB disable signal on 
trace 84 immediately following time t1. The disable 
signal is not used, however, until time t2 when VSB 
may or may not be granted memory access. At this time 
(t2) all conditions for memory access by VSB are satis 
?ed except not VSB disable. Since VSB disable settles 
true in this case, as shown by trace 84 high at time t2, 
VSB is not granted access and an arbitration only cycle 
is run. At time t3 VME is granted memory access and 
an arbitration cycle is simultaneously run (time t3 to t4) 
which grants access to VSB for the subsequent cycle (t4 
to t5). During this cycle (t4 to t5), while VSB is access 
ing the memory, an arbitration cycle is run as a result of 
a new VME request signal and VME is granted mem 
ory access at time t5. 
As can be seen from the above description, an arbitra 

tion system is provided wherein control is granted to 
either the highest priority current requester or the most 
recent previous requester. If a request is received from 
the most recent previous requester immediate access is 
granted to the memory. During an arbitration cycle 
which will result in control being switched to one re 
quester, a simultaneous memory access cycle may be 
taking place by another requester. This overlap results 
in decreased overall memory access time and therefore 
faster overall performance by the computer system. 
While the system has been described in connection 

with a very speci?c VME bus con?guration, the con 
cepts and principles could be applied for access to any 
computer resource by any number of requesters. For 
example one of the requesters in this case is a refresh 
means because the resource in this case is a dynamic 
RAM which must be periodically refreshed. The re 
source need not be a memory and any number of com 
peting requesters could be accommodated using a sys 
tem such as that herein described. The particular system 
described herein was implemented using a combination 
of discrete components and programmable array logic 
devices, but any means could be used which would 
accomplish the desired logic and timing functions. The 
timing diagrams are likewise merely illustrative of a 
particular implementation and not intended as a limita 
tion of the broad concept illustrated thereby. 
What has been provided therefore is a concurrent 

arbitration method for bus control which in certain 
situations allows overlapping actual memory access and 
arbitration cycles thereby reducing overall memory 
access cycle time and improving system performance. It 
is to be clearly understood that while this system has 
been described in conjunction with a speci?c system 
resource, in this case a memory, and speci?c requesters, 
in this case a VME bus and VSB bus in conjunction 
with a memory refresh signal, that the method and 
system described could be used in conjunction with any 
computer system wherein various asynchronous re 
quests are asserted for access to a given computer re 
source. Variations in the particular interfaces and tim 
ing signals may be provided by one skilled in the art 
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8 
without departing from the scope of the invention as 
described and claimed. 
We claim: 
1. A computer resource arbitration system for con 

trolling access to a resource by a plurality of requesters, 
at least two of which are capable of generating corre 
sponding cycle start signals and resource request sig 
nals, and for granting access to said resource by a ?rst 
requester generating a ?rst cycle start signal even 
though said ?rst requester had been granted the imme 
diately preceding access to said resource and a second 
requester generated a second resource request signal 
before said ?rst requester generated said ?rst cycle start 
signal, comprising: 

arbitration logic means, responsive to the receipt of 
said ?rst and second resource request signals for 
generating a requester enable signal on behalf of a 
requester granted highest priority according to a 
predetermined priority, said arbitration logic 
means requiring an arbitration cycle of at least a 
?rst predetermined time interval to generate said 
requester enable signal; 

additional logic means for determining whether said 
?rst requester generated said ?rst cycle start signal 
before said second requester generated said second 
resource request signal and for determining 
whether a requester enable signal generated during 
an immediately preceding arbitration cycle is coin 
cidentally being asserted on behalf of said ?rst 
requester and, if both of said determinations are 
true, generating a resource access signal on behalf 
of said ?rst requester, said resource access signal 
being generated prior to the expiration of said ?rst 
predetermined time interval; and 

memory access means for immediately granting ac 
cess to said ?rst requester if said resource access 
signal is generated by said additional logic means 
and for granting access to said resource by said 
requester having highest priority based on said 
corresponding resource access signal after a previ 
ous memory access cycle is complete, said access 
to said resource by said ?rst requester in response 
to said resource access signal occuring simulta 
neously with said arbitration logic means determin 
ing which requester has highest priority. 

2. A computer resource arbitration system in accor 
dance with claim 1 wherein said resource is a memory. 

3. A computer resource arbitration system in accor 
dance with claim I wherein one of said at least two 
requesters is a VME bus. 

4. A computer resource arbitration system in accor 
dance with claim 5 wherein another of said at least two 
requesters is a VSB bus. 

5. A computer resource arbitration system in accor 
dance with claim 1, further comprising: 
means for generating a disable signal applicable to 

said ?rst requester if, upon receipt of said ?rst cycle 
start signal, said second resource request signal has 
already been received and no requester enable 
signal has been generated on behalf of said second 
resource request signal. 

6. A computer resource arbitration system in accor 
dance with claim 5 wherein said additional logic means 
is also responsive to said disable signal, and wherein said 
additional logic means generates said resource access 
signal on behalf of said ?rst requester only if both of said 
determinations are true and said disable signal is not _ 

asserted. 
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7. A system as recited in claim 1, further comprising: 
means for extending said arbitration cycle of said 

arbitration logic means until said ?rst requester 
completes access of said resource if said memory 
access means immediately granted access to said 
?rst requester based on said resource accas signal 
generated by said additional logic means. 

8. A method of a computer resource arbitration sys 
tem for prioritizing a plurality of signals from a plurality 
of requesters which are seeking access to a rmource, 
each of said requesters generating a cycle start signal for 
requesting access to said resource, said computer sys 
tem being connectable to receive said signals, said 
method comprising the steps of: 

a) generating a request signal for each requester gen 
erating a cycle start signal; 

b) arbitrating which of said requesters requesting 
access to said resource has highest priority for 
accessing said resource during a subsequent mem 
ory access cycle based on said request signals; 

c) granting a ?rst requester of said requesters request 
ing access to said resource immediate access to said 
resource during said arbitrating in step (b) if said 
?rst requester was last to access said resource, said 
?rst requester generated a corresponding cycle 
start signal before a request signal was generated 
by another requester and a previous memory ac 
cess cycle is complete; 

d) generating an enable signal for a second requester 
with highest priority in response to said arbitrating 
performed in step (b); and 

e) granting said second requester access to said re 
source if said previous memory access cycle is 
complete and said enable signal generated in step 
(d) corresponds to said second requester. 

9. A method as recited in claim 8, wherein step (b) 
comprises the sub-steps of: 
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10 
bl) executing said arbitrating within an arbitration 

cycle; and 
- b2) extending said arbitration cycle until said ?rst 

requester is ?nished accessing said resource if said 
?rst requester is granted access to said resource in 
step (c). 

10. A method of a computer resource arbitration 
system for arbitrating a plurality of signals from a plu~ 
rality of requesters which are seeking access to a re 
source, said computer system being connectable to re 
ceive said signals, said method comprising the steps of: 

a) receiving an address signal and a cycle start signal 
for each of said requesters wanting access to said 
system; 

b) generating a select signal by decoding said address 
signal for each of said requesters; 

c) delaying said cycle start signal until said decoding 
of said address signal is complete; 

d) generating a request signal after receiving said 
cycle start signal and said delayed cycle start sig 
ml; 

e) starting an arbitration cycle if a previous arbitra 
tion cycle is complete and in response to receiving 
said select signal and said delayed cycle start signal; 

1') arbitrating which requester of said requesters has 
highest priority for accessing said resource during 
a subsequent memory access cycle; 

g) generating an enable signal for said requester based 
on said arbitrating performed in step (i); 

h) granting said requester immediate access to said 
resource if said requester was last to access said 
resource, said requester generated said correspond 
ing cycle start signal before a request signal was 
generated by another requester and a previous 
arbitration cycle is complete; and 

i) granting said requester access to said resource if 
said previous arbitration cycle is complete and said 
enable signal is generated in step (g) for said re 
quester. 
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